Railway concrete sleepers have been developed and utilized in railway industry for over 50 years. Cyclic loading because of vibration on sleepers due to the train loading and the velocity of train itself and also a small percentage of bad wheels, can eventually lead to a crack network and failure of component. The objective of this study is to investigate the load carrying capacity of the selected prestressed concrete sleepers -prepared for Keretapi Tanah Melayu Berhad, KTMB, under static and dynamic loading conditions. In order to determine the behavior of the railway concrete sleepers under repeated low-velocity impact load and to study the fatigue performance of railway concrete sleepers, the research efforts are required to perform comprehensive studies on the behaviors and dynamic response of these prestressed concrete sleepers. The fatigue performance of railway sleepers was investigated under constant amplitude load and compared with the actual train loading on site. For the laboratory work, the concrete sleepers were subjected to repeated low-velocity sinusoidal loads typical to loading from commuter trains only and attaining the fatigue toughness, energy absorption, and crack formations of the concrete sleepers.
1-Introduction
Previous studies found that concrete strength of prestressed concrete sleepers under impact loading showed different behavior from that under static loading. The material behaved in a more brittle manner, and increased in strength and toughness as the rate of loading increased. The impact cracks tend to propagate through rather than around aggregate granular, resulting in an increase in strength and toughness, and a decrease in the nonlinear portion of stress-strain curve. Under static loading, mixed shear-flexure failure modes were observed, whilst under impact loading the identical specimens failed only in shear [1] . It has been discovered that the response of the sleepers depended on toughness properties and other impacting factors which include relative masses, velocities, contact zone stiffness, frequency of loading, precision of impact, and locally energy-absorbed area. Other studies included those reported in Australian Standard on prestressed concrete sleepers under static loading conditions [2] . Static tests were conducted using an electronic load cell to measure the applied load in order to keep the loading accurate and consistent. By using LDVT and strain gauge, the relationships between moment and displacement and also between energy absorption and displacement were obtained. The moment computed from the loading was then transferred to the moment calculated using the formula. It was found that concrete sleeper has relatively low ductility and the modified compression field theory can be used to predict the static responses of prestressed concrete sleepers. The predicted result was about 10% different from the experimental one. Impact loading test was also carried out by dropping the mass at various drop heights. The impact forces were measured from the dynamic load cell in direct contact between rail and impactor. Small bending and shear cracks were found after a few blows. The results showed that there were energy losses in the impactor at different drop heights. The experimental results of vibration characteristics of the prestressed concrete sleepers under different levels of structural serviceability found that the dynamic characteristics representing vibration signatures of the sleepers show the trend that cracks in concrete sleepers weaken their flexural stiffness, resulting in the decrease in resonant frequencies [3] . In contrast, it has been evident in the experiments that the cracks develop internal frictions among cement, concrete, and aggregate so that the damping coefficients tend to increase with more crack incurrence. The low-velocity impact analysis has also been carried out by Kaewunruen and Remennikov [4] . The in-situ conditions of railway concrete sleeper were replicated. Their attempts to simulate impact loading actually occurred in tracks were succeeded experimentally and numerically. Another surface fatigue initiated defects is the squat defect that is most common on high-speed commuter railroads, but for which many examples can be found on freight systems [5] .
2-Material /Loading Condition
The prestressed concrete railways sleepers were supplied by MASTRAK, a local manufacturer. The sleepers were according to the standard design specifications for railways in Malaysia. A static and fatigue tests on the concrete sleepers were performed at the Heavy Structures laboratory of the Faculty of Civil Engineering, UiTM, using Universal Testing System (UTS) shown in Figure 1 . The concrete sleepers were subjected to repeated low-cyclic loads as typical loading from commuter trains to attain the fatigue toughness, energy absorption and crack formations of concrete sleepers. For all tests, moment and stress distribution were determined subjected to the laboratory analysis. Sleepers were analyzed according to their behaviors and they are representing local energy absorbed by the sleepers. Briefly, the stages are: Value of maximum and minimum applied sinusoidal loads were taken at 70% of static ultimate load (P u ) as the maximum load (P max ), and 10% of maximum load as the minimum load (P min ) as shown in Figure 2 . Meanwhile Figure 3 shows the dimensions of the tested sleepers.
3-Experimental Results and Discussions Static Test
Static test was conducted on the sleeper using the UTS version 010 programme to understand its bending performance and obtain its ultimate capacity. The displacements and strain readings were captured via the LVDT and strain gauges respectively mounted onto the test specimen at selected positions. The results were easily recorded in Excel 2007. Figure 4 shows the crack patterns at the rail seat of the prestressed concrete sleeper under the ultimate load of 389.71 kN. It was found that there was no major cracks occurred at the supports between rail seats. The first crack that appeared in the sleeper was recorded at 110.16 kN after the test had started within 23 minutes and 16 seconds.
Fig. 1 Universal Test System Machine
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Cyclic Test
Cyclic test was done on another specimen at the same laboratory by using the UTS version 011 programme and following similar setup as of the static test configuration. A total of three million cycles of loading was applied at the rail seat at a frequency of 5 Hz (that is at 5 load cycles per second). The amplitude was set as in the loading configuration ( Figure 2 ) with P max of 166 kN (not greater than 0.7 Pu) and minimum of 16 kN, which is about 10 % of P max value. There were no cracks observed after the three million load cycles. 
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Post Fatigue Test
A static test was also done on the sleeper that has undergone fatigue test. This is to understand the weak position on the sleeper since no cracks appeared. Similar procedure as in the static test was carried out. Figure 6 shows the crack patterns at the rail seat of the prestressed concrete sleeper under ultimate load of 398.93 kN. The first crack appeared at 100.74 kN at a corresponding deflection of 4.96 mm, after the test started within 26 minutes and 18 seconds. Figure 7 shows the bending behavior of the prestressed concrete sleeper and maximum deflection obtained was 10.69mm. No data could be recorded beyond the ultimate point as the gauge of the LVDT had already been displaced significantly.
-Conclusion
From the laboratory works, the static yield load (ܲ y ) from one test (seat A) was found to be 246 kN. The average ultimate load obtained from static tests conducted at both rail seats was 389.71 kN. It achieved about 30% higher to reach the ultimate load after first crack occurred. Railway sleeper that was tested under fatigue loads did not have any cracks and later achieved 398.93 kN under static test. From site measurement, the acceleration and strain recorded is higher than dynamic test at laboratory which is about 56.2% higher in acceleration and 86.8% higher in strain. This study includes comprehensive investigations in loading conditions, static and dynamic performances on the performance of the selected KTMB prestressed concrete sleepers. Determination of ultimate capacity of the prestressed concrete sleeper has been carried out in accordance with the Australian Standards. The behaviors of sleepers can be found by looking at the deflection profile of the specimen, comparison of stress against strain graphs and cracks pattern. It is important to know the actual cycle of loading in order to simulate the data from laboratory and site. This study has been carried out with better insight of what static test, dynamic test, and post-fatigue test and on-site measurements can produce and get a real view of data collection method from site measurement and laboratory in order to study the behaviors of prestressed concrete sleepers. This research information will be useful for references for further investigation on railway sleepers. Further investigation on the new material of the railway sleeper can also be done after this. Therefore, the previous information and current work are needed for comparison works. This research may also provide information on sleeper design limit state, if there is a need to improve current design.
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